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© Demand valves. 



© A demand valve especially suitable for 
ventilator/resuscitator apparatus is characterised by 
a demand pressure sensor that is responsive both to 
demand pressure and to the rate of flow of the 
controlled fluid so that a valve opening product due 
to flow, of the controlled fluid supplements the valve 
opening product due to demand pressure per se. In 
convenient embodiments the demand pressure sen- 
sor receives pressure signals from a pressure pickup 
in the controlled fluid flow path, this pickup having 
an orifice facing downstream or being in the throat of 
a choke of Venturi so as to generate a pressure 
signal having a static component due to demand 
pressure and a supplementary dynamic component 
I due to flow of the controlled fluid. 
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Demand Valves 



Demand valves serve to control the flow of a 
fluid, usually a gas, from a source to a point of use 
and open to permit the flow in response to a 
sensed demand signalled by a pressure reduction 
on the downstream side of the valve. The most 
common utilisation of demand valves is In connec- 
tion with the supply of breathing gas to divers, 
aircrew, users of breathing apparatus and persons 
undergoing anaesthesia, ventilation or resuscitation 
and while the invention is generally applicable to 
demand valves it is especially applicable to de- 
mand valves for ventilator/resuscitator apparatus. 

An ideal demand valve, especially for this latter 
purpose, would satisfy all the demands of the user 
without any perceptible change in pressure at the 
point of use - for instance at a breathing mask. In 
practice, however, a certain pressure reduction 
("demand pressure") at the point of use is neces- 
sary to achieve operation of the demand valve and 
for stability the demand pressure must increase 
with increasing demand flow. The usual design 
objective therefore is to provide a demand valve 
that opens at as low a demand pressure as is 
possible consistent with closing of the valve when 
the demand effort ceases, and in which the in- 
crease in demand pressure with flow is also mini- 
mal. The valve must be stable in operation - that is 
to say it must not "chatter" - and for many uses 
must be light, compact and unaffected by gravity 
and inertial effects. 

It is usually impossible to reconcile all the 
requirements and although demand valves with 
very low opening demand pressures have been 
achieved, those in current use exhibit an undesir- 
ably high rate of demand pressure increase with 
increasing flow of the controlled fluid. One objec- 
tive of the present invention is to overcome this 
disadvantage and to provide a demand valve that 
while meeting the discussed requirements has an 
especially low rate of demand pressure increase 
with controlled fluid flow rate. 

Especially for ventilator/resuscitator apparatus, 
it is desirable to locate the demand valve remotely 
from the point of use, thereby to avoid encumber- 
ing the breathing mask or intratracheal tube with 
the demand valve mechanism. Typically the 
breathing mask or intratracheal tube is supplied 
with breathing gas from a source via a flexible pipe 
that may have a length of the order of one metre 
and that offers definite resistance to gas flow so 
that at high gas flow rates there is a significant 
pressure drop along its length. If the demand valve 
is directly connected to the upstream or source 
end of this pipe, the increasing pressure drop in 
the pipe as gas flow increases has to be matched 



by increasing demand pressure at the point of use, 
thereby exacerbating the above discussed prob- 
lem. To circumvent this, it is known to control a 
remotely located demand valve by demand pres- 

5 sure ducted to it by a sensor pipe independent of 
the breathing gas flow pipe. However, the provision 
of a sensor pipe adds to the bulk and complexity of 
the system and provides another component that 
might fail (e.g. become disconnected) in use, with 

70 catastrophic results for the user. Such an arrange- 
ment also has the disadvantage of instability of 
operation, due to the extended feedback loop com- 
prising the sensor pipe. 

A further objective of the invention is therefore 

15 to provide a demand valve that may be located 
remotely from the point of use and sense demand 
pressure directly from the controlled fluid flow path 
without encountering performance degradation as a 
consequence pressure drop in the flow path be- 

20 tween the point of use and the upstream sensing 
point. 

In accordance with the invention, a demand 
valve has a demand pressure sensor adapted to 
respond both to demand pressure per se and to 
25 the controlled fluid flow rate in such manner that 
the valve-opening product of the sensor in re- 
sponse to demand pressure is supplemented by a 
valve-opening product due to flow of the controlled 
fluid. 

30 The demand pressure sensor may be of any 

suitable construction. Its responsiveness to the 
controlled fluid flow may be directly attributable to 
its construction: for instance the demand pressure 
sensor may include sensing means directly influ- 
35 enced by controlled fluid flow through the demand 
valve. In preferred embodiments, however, the de- 
mand pressure sensor is indirectly responsive to 
controlled fluid flow through the demand valve, e.g. 
as a consequence of an arrangement whereby a 
40 control pressure sensed by the sensor comprises 
both a static component related to the demand 
pressure and a dynamic component related to the 
controlled fluid flow through the demand valve. 
Thus in preferred embodiments of the inven- 
ts tion, the demand pressure sensor has a pressure 
pickup arranged to be influenced by the controlled 
fluid flow through the valve. In one form, the de- 
mand pressure sensor pressure pickup comprises 
an orifice positioned in the controlled fluid flow path 
50 and facing downstream in the latter so that static 
pressure at the orifice is supplemented by a dy- 
namic pressure related to the controlled fluid flow 
in said flow path. 

In an alternative arrangement, the demand 
pressure sensor pressure pickup comprises an ori- 
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fice in the throat of a choke or Venturi in the 
controlled fluid flow path, whereby the pressure at 
said orifice reduces with increasing controlled fluid 
flow velocity. 

The invention is further explained with refer- 
ence to the accompanying drawings in which 

FIGURE 1 is a semi-diagrammatic illustration 
of the principal components of a two-stage demand 
valve to which the invention may be applied; and 

FIGURES 2, 3 and 4 illustrate three possible 
ways in which the demand pressure sensor of a 
demand valve may be made responsive to mass 
flow of controlled fluid through the valve, in accor- 
dance with the invention. 

Figure 1 illustrates the principles of a typical 
two-stage demand valve such as used to control 
the flow of a breathing gas to a breathing mask. 
The demand valve has an outlet passage 1 and a 
demand pressure sensor comprising a sensing 
chamber 2 that is connected to the outlet passage 
1 by a simple port 11 in the wall of the latter. 

The demand pressure sensor further comprises 
a diaphragm 3 that moves in response to the 
pressure differential across it: typically the outer 
face of the diaphragm 3 is exposed to ambient 
pressure so that the diaphragm moves downwardly 
as seen in the drawing in response to a less-than- 
ambient pressure in the chamber 2. The diaphragm 
3 is associated with a lever 4 pivoted at 5 and 
having a pad valve member that moves relatively 
to a nozzle 6 in response to rocking of the lever 4, 
the arrangement being such that the pad valve 
member moves away from the nozzle 6 when the 
lever 4 rocks in response to movement of the 
diaphragm 3 under the influence of decreasing 
pressure in the chamber .2. In Figure 1, the valve is 
shown with the diaphragm 3 deflected to move the 
pad valve away from the nozzle 6, as in response 
to less-than-ambient pressure in the sensing cham- 
ber 2. 

The nozzle 6 is connected via a restrictor 7 to 
a breathing gas source shown symbolically at 8. 
The source 8 is further connected to an inlet pas- 
sage extending to a control valve nozzle 10 that co- 
operates with a diaphragm 9 one side of which is 
exposed to the pressure in outlet passage 1 and 
the other side of which is exposed to the pressure 
at the nozzle 6. 

A spring 12 biasses the lever 4 to oppose 
opening movement of the pad valve member rela- 
tive to the nozzle 6. Consequentially in the absence 
of a pressure differential across the diaphragm 3 - 
that is to say, in the absence of a demand pressure 
- the nozzle 6 is obturated by the pad valve mem- 
ber and full source pressure builds up behind the 
noz2le 6 to deflect diaphragm 9 into valve-closing 
relationship to the valve nozzle 10, thereby to in- 
hibit flow from the source 8 to the outlet passage 1. 



A reduction in pressure at outlet passage 1, 
consequent upon an attempt at inhalation through a 
breathing mask connected thereto, appears as a 
corresponding reduction of pressure in the sensing 

5 chamber 2 and the diaphragm 3 is deflected down- 
wardly as shown to rock the lever 4 so as to open 
the nozzle 6. Pressure behind the nozzle 6 accord- 
ingly reduces and the diaphragm 9 rises to open 
the valve nozzle 10 as shown and permit flow from 

w the source 8 to the outlet passage 1 . The size of 
the restrictor 7 is so chosen that when the nozzle 6 
is fully open, the pressure drop across it due to the 
resultant flow is such that the diaphragm 9 can fully 
open the valve nozzle 10, to allow maximum 

75 breathing gas flow to the outlet passage 1. The 
proportionality of the system depends upon various 
factors including the diameters and stiffnesses of 
the diaphragms 3 and 9, the rate of spring 12 and 
the relative sizes of the nozzle 6 and restrictor 7. 

20 In general it is relatively easy to design a 

demand valve of the configuration illustrated by 
Figure 1 and in which a low demand pressure in 
chamber 2 accomplishes initial opening of the 
valve. However if the size of the demand valve is to 

25 be minimised - often a design criterion - it is not 
possible to achieve also a large flow at a low 
demand pressure with reliable closing of the valve 
and stability of operation. 

In accordance with the invention the demand 

30 pressure sensor of a demand valve is made re- 
sponsive to the controlled fluid flow through the 
valve to supplement the response of the sensor to 
demand pressure per se. In a demand valve of the 
configuration illustratedTby Figure 1 this may con- 

35 veniently be accomplished by modifying the con- 
nection of the demand pressure sensing chamber 2 
to the outlet passage 1 so that, in effect, the 
demand pressure pickup represented by the port 
11 in Figure 1 is modified to produce in the sens- 

40 ing chamber 2 a control pressure that comprises a 
component due to the (static) demand pressure in 
the outlet passage 1 and a further (dynamic) com- 
ponent related to the gas flow in the outlet passage 
1. 

45 Figures 2, 3 and 4 illustrate different ways in 

which this objective can be achieved in practice. In 
the arrangement of Figure 2, the port 1 1 is substi- 
tuted by a pickup pipe, that extends into the outlet 
passage 1 and is cranked so that its terminal 

so portion extends axially of the latter to provide a 
downstream facing port 13 on the axis of passage 
1. When gas flows in the passage 1, momentum 
exchange results in a reduced pressure appearing 
at the port 13 as compared with the static pressure 

55 in the passage 1 . 

In Figure 3 the pickup pipe is not cranked as in 
Figure 2 but has an obliquely cut end to provide a 
downstream facing port 13 to achieve a similar 
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effect. 

Figure 4 illustrates an application of Bernoulli's 
principle to achieve the desired effect. In this em- 
bodiment a choke or Venturi is formed in the outlet 
passage 1 and the port 11 is positioned at the 
throat of this. As flow velocity increases so the 
pressure at port 11 reduces as a consequence of 
the conservation of energy principle. Therefore the 
pressure at the port 11 is reduced in comparison 
with the static demand pressure downstream of the 
port. 

With all these arrangements it follows that if a 
certain control pressure is required in the chamber 
2 to achieve a certain demand flow in the outlet 
passage 1, other things being equal this control 
pressure can be achieved by means of the inven- 
tion at a lower demand pressure than with conven- 
tional demand valve arrangements. 

Moreover, it should be noted that if the de- 
mand valve is located remotely from the point of 
use so that pressure drop in the connection be- 
tween the demand valve and the point of use 
occurs when gas flow commences, and increases 
with increasing gas flow, that pressure drop can be 
compensated by the arrangement of the invention, 
because increasing gas flow produces an increas- 
ing reduction of sensing chamber pressure rela- 
tively to the static pressure at the sensing point. 

Accordingly, the demand valve of the invention 
is especially useful in ventilator/resuscitator appara- 
tus in which location of the demand valve remote 
from the point of use (e.g. breathing mask) is 
desired, because it suffers none of the discussed 
problems of conventional demand valves when so 
used. 

Although the invention has been illustrated in 
relation to its application to a two-stage demand 
valve it is of course equally applicable to all other 
forms of demand valve. 



through the valve. 

4. A demand valve according to claim 3, 
wherein the demand pressure sensor has a pres- 
sure pickup arranged to be influenced by the con- 

5 trolled fluid flow through the valve. 

5. A demand valve according to claim* 4, 
wherein said pressure pickup comprises an orifice 
positioned in the controlled fluid flow path and 
facing downstream in the latter. 

10 6. A demand valve according to claim 4, 
wherein said pressure pickup comprises an orifice 
in the throat of a choke or Venturi in the controlled 
fluid flow path. 



Claims 



1. A demand valve having a demand pressure 
sensor adapted to respond both to demand pres- 45 
sure and controlled fluid flow rate in such manner 
that the valve-opening product of the sensor in 
response to demand pressure is supplemented by 
a valve-opening product due to flow of the con- 
trolled fluid. so 

1 2. A demand valve according to claim 1 , 
wherein the demand pressure sensor is indirectly 
responsive to controlled fluid flow. 

3. A demand valve according to claim 2, having 
means to provide a control pressure to be sensed 55 
by the sensor and comprising a static component 
related to the demand pressure and a dynamic 
component related to the controlled fluid flow 



4 



EP 0 375 281 A2 




